CLIPPEDIMAGE= JP410312971A 
PAT-NO: JP410312971A 

DOCUMENT-IDENTIFIER: JP 10312971 A rTiirtn 
TITLE: lll-V COMPOUND SEMICONDUCTOR FILM AND GROWTH METHOD, 
GAN SYSTEM 

SEMICONDUCTOR FILM AND ITS FORMATION, GAN SYSTEM 
SEMICONDUCTOR STACKED 

STRUCTURE AND ITS FORMATION, AND GAN SYSTEM SEMICONDUCTOR 
ELEMENT 



PUBN-DATE: November 24, 1998 

INVENTOR-INFORMATION: 
NAME 

SUNAKAWA, HARUO 
USUI, AKIRA 

ASSIGNEE-INFORMATION: 

NAME COUNTRY 

NEC CORP N/A 

APPL-NO: JP1 0062760 
APPL-DATE: March 13, 1998 

INT-CLJIPC): H01L021/205; C30B029/40 ; H01L033/00 



ABSTRACT - 

PROBLEM TO BE SOLVED: To suppress the introduction of defects by 
suppressing 

cracks generated by difference in the thermal expansion coefficients between a 
growing lll-V comp. semiconductor layer and a substrate crystal, and a 
difference in grid constants. 

SOLUTION: Through the use of a substrate limiting a growing region 13 by a 
mask 

14 the facet structure of a lll-V comp. semiconductor film 15 is formed (b) 
by epitaxial growth, for growing (c) the facet structure to cover the mask 14. 
In addition, the facet structure is completely embedded (d). A lll-V comp. 
semiconductor layer with a flat surface is finally formed (e). 
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3s^^^^c^M^ss«««±tcG a ummtk 

[0060] -?X7&tfj£^St£tf»£Kk LTfJ. mi 

t7r^7 h* j as^-rs»Kk-ri». 

[0061] <fcCj£*S«fc:*f LG a N^#f*a7)xlf 
^S'+AtfcftMrd. GaN3^ffc*)jfcg8&i. I 

1 1 flacntaery ^ ( g a ) k£4bk^ ( h c i ) cr> 

RK*jeHrCJ55fifl«fU^A (GaC 1 ) kVgM 

30 try^e-r (nh 3 ) #x£ffli*6;v( hvp 

EifcWffiUvF. ^fS^R^^ffl^ffi (MOVP 
E) £JBlvcbJ:v). 

[ 0 0 6 2 ] G a N*¥#**>Xi:2Mf S^/HfcHi. 

*). ^mm.(OGeiNmm^izii^<omfj&bii 

[0063] xe^ 3"YAd££fcRtt& k , GaN| 

40 mtsKit). f8Mmmwm:< vxrzmoXo ear 

*. *LTB^4**IWft5GaN3MHWW»7r 

-fevM?BIk«tttS. 36fcxe**5"*Jl«5*« 

«■* k . G a N jKfWfMc <t 0 7 r * >/ h 

4*1. UWtfc ¥ffl^M^*i-SGaN^««J 

[0064] <KtG a N*SMWRJbfcG a Nl&¥#flc 

dtL^. GaN^«flc^*^«$^S«$-MOC 
VDiHUc-kyhU 0r£<Oiae. ^TxSS. V/I I 
50 IJtt. nlGaNl. nIAl GaN^5--'M. n 
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SGaNfttf-'f FS. TyV-7l nGaNfi^#FB 
try p_7-i nGaNftMJia^&S^aftl^Hfi 
iSSttS. plAlGaNl, pSGaN3^-f FW. 
plAlGaN?77b'i, pSGaNriy^FJIS: 

i o o e 5 1 mz. \s-*f-mmte& Ltzm&m® 

Igfc-fe-yFU SiOi fcJtfGaN^ 

^*IS<0-^Sr»feUT G aNi£WMgi£fSaj£-£ 
6. Sajt^GaN^SfrHOlS. -t&*>*>GaN& 

[ o o 6 6 1 s&4 vmi&mwz x wx?<vm&nt> 
[ o o 6 7 1 m i wmsoj^soxt? ^^ms^c 

#£>*lfcG a NiSWfM&JiKG a N&¥#ft3HM«i 
^TKSfc^^'CV^G a N&¥§ft*^fit3ifcJ3frt 

[0068] ^iitGaN^MWaNS^ 20 

^fmXg-r«ffi^ G a N^^frffi^^ffit^-t 5 
[0069] ifcGaN^t^frlBt^^GaN^ 

§HtiOGaN^|^{*V-if^^ft«S57-ffl - 

[ 0 0 7 0 ] 46 . »4««WIK»BW4±EWWBWR 

[OO71]0l;ttf. GaN^^frigcOXt^yr 

mfnmm^x-th, 

[0072] S£fcGaN^^MI±fcGaN^¥# 

GaN&*NSfc§9ia£&fc2Su VX^fcGaN 40 

[oo7 3]4tj. GaKmmmfrt>m&.. 

?^Ga KmmmT*)1li£l&<V®%K^&W 
[0074] $ b£*m&>&B£m^ ~?X? h LX 
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GaN, I nGaNmif^S^GaNiWItfi: 

[0 07 5] ^GaN^l^frS^LTtt. GaN 
^[^^l/^^G aNlLEDfWGaN SSMH^ttlfe 
^mi^mz F E H B T4 i: <7)r^ X IZ t> Sffl^T 



[0076] 

[0077] (mwmm) ^m^mmm^^ 

t\ (OOODlr^^r-fr (Alt Os ) SfiRl 
l±fcl,timg£<0!gJf<aGaNlgl2£&*>#>ttf>» 
)£Ut*R£JH^fc. ,K?)GaNll2»SiOi 

+y?X~?X7 1 4 i:j£ftK«l 3fc#S£L*:. I&ftfi 
Jil3t5J:t/-7X^14{±. -eit-€ f il5jLtmtJa:l^2xx 
m^^Xh^T^rCfc*. ^h7-fT*l6ltt<l 1 
-20>*l*lfcL!t ( (HI (a) ) . 
[ 0 0 7 8 ] f&mm 1 3 fcj£*-rSGaNKl 5te. 
I I IttHftetfU^A (Ga) fcJSflyK* (HC 1 ) 

nm^jstorebz&tetfv^ (Gac 1 > tvmm 

Stryt-T (NH 3 ) #.x£fflv^vr F 
VPEffifcJHvvfc. *R1 l£'W h*7-f FOJfeS^E 

tc-fey b u *«#H^ti«*iaffii 0 0 ox:tc^a-r 
s. jssajfc^sfc*^. hc 1 ssas- 2 0 c c/ 

ttftTTOftU NHaglft-l 0 0 0c c/«#T5#g 
JKftl&^S-fc-Cs JfcS®#l 3£GaNlgl 50) { 1 
-101} ffiH«7r*7 hfmZ&l&Z-ttZ (0 
1 (b) ) . S^t. 2 OtJHSfSgxe?^ x^/M£fi 
-?X?14fc«5*"C7T-fc"rMI®16fc* 
(01 (c) ) . 
[0079] ttf^WiSMifflth ZbizX'Oy 
T-fc-5'MfBa£ffl*W&* (01 (d) ) . S^WWi. 
5^f^>^T2 0 0 ximggtf^FjtH&^ffifc^&G 
aNR^B!t5-a^ (01 (e) ) . GaNll5^f 

asst. Ty*-TifA*mvo&ti>* mti&ix-ttiin 
[oo8o] m <7m&mx'\i&gM®z®im-&&$i 

fcMAzi *) . W ! 11-101} IH^S??*^ 

[0081] *m\£* mgLt&mmmm*.* 



(9) 
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[00821^1 (DmMiZ i ~>XBtf&tl£G a NH 
1 5 Ui. V7tA TW8L 1 1 kft?SR J fr3MB5i«S 

im? *>-f ? 7 -y 9ifix->x\ ^zttm 

-5 it. 

[0083] #mm'&&LKG a n mizmtm 

iZ'J?%<. £*>±fcV— FET. fcJtfHBT&k' 
WWfltSrf ^ ^JUS*** - * 6 - k "C. 

[0084] S&fc^r-fTfflRl lfcBWSfcJ:-* 
Tl^-r&^k-C. GaNRl5fcaRtffifcbTJ8v* 

£,LkkT'#6. 

[0085] SlOggM*?!*, GaNROXlT**^ 
+A*£fcM FVPEjfefcfflwaftftLfci^ 

m&mfctmmm& (mocvd) *jflwcfcH 

Si^K. ZnO£flL SiCM. LiGa0 2 

as. MgAi2 04 mtmzm^xi>mm%m: 

imt>tl&. ££»£Al2 Os £Kll±£GaNK 20 

[0086] £fc-?X?14kLTSi02 SrfflV^Jt 
JgrtiU. £<OSI6i^T{i^X?14<Dte?:2*mk 

SE<50*l6|<l-10 0> , C , t>J:<. £it&0>:8T6l*»& 
«{«:ftSrfc->TtilSSi«ft^fl 1 ti r ). J&MH 30 

[00 87] ifcGaNtfJXt^^^-V/HRSfc^V^-C 
W<JlbK I nGaNI. A 1 GaNl. I nNl« G 
aPR*6VH4GaAsKtxe^^-r>H«JtbXt 

HattSMbWfen*. sfefcj£*rs 1 1 1 -vent 

[0 0881 (JB2tfMWlW) 4*»0»2«MMWC 
ov vc * » 1 WHJSftk H t < H 1 WHHLTW»f" « 

£. 

[OO89]*2<?)9ai0f?li« SSkLT. (000 
1) HSiCgfel l±fcljumgg<9lBlffOAlo.i 
Gao.s N)S122-*^!:y>»«t^*SS$-ffl^ 
fc. rWAlo.i Gao.s N^12^ffit:Si02 

y^-C^x? 1 4 kftftRK 1 3«HBUfc. JSfiW* 
13. fc<ttf-?X^14tt. *h.«l2/im % iSitfl 
0jLtm<0ilc0Xb7^7^K-CS»S. Xh5-f7*fltt< 
l-lOOXfrfakLfc ( (01 (a) ) . 9 
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[0090] jjUSHWl3fcJ*JM-*GaNlU5tt» 

1 1 iiasffltoVU^A (Ga) k&ffc** (hc i ) 

cr>%mjmrCh&&it# 'JW(GaCl) fc VjSK 

^tcry^-r (nh 3 ) #xii6\w*t y?4 y 

VPEJEtfflV*. SRI l&M FOlftJ^S 
fc-fc •/ h U **SH*TWJaUE 10 0 0 T*:#WM- 
4. *£»*&93eLTfrfc. HClg»£2 0cc/ 

fefr-eft&u NHsaai2ooocc/'»»r5*e 

*flafrt*ik-C, JftJHWl 3CGaN§|l 50 < 1 
-10 1} !Bfr&*«7r-fc*b1MfcJ«3*fc <0 
1(b)). 

[00911$ fefc, 2 0#»xt^^f>'+^ 
VX^14^S3*TGaNi07yfe>yhfi^ 
15£fS31$-efc (01 (c) ) . 

[0092] zW^i/*Wtt«Bt*; kfci 07 
r-fc? hflH§£«*>&* (01 ( d ) ) - **EWWi. 
5l«H§tf»££T2 0 Oz/rngK^ffl^ffi^^SG 
aNK«Mt3*fc (01(e)). GaNjgl 5<^ 

nh 3 <rxtfl»Lan&«fe«a i fl:T»aL. £ 

[0093] f&2 OgtJtMCJ: oXJBftSnfcG a NH 

1 sea. s i caei i t<7)fcHm j &&wmm& 

»Kl£^ff^)fcGaNlgtcli. £P6 
jWWW2^<«B»i«410 B cm* SJgtCfc-? 

[0094] 43GKffrc£ft LfcG a NH2XK0&ft 
<KO±tV-1fv FET. iJit^HBT^i: 
<0WflKrr^JM«ft*JSfi-*"*ik^ 
1f £ |6j±$ *4 i k Arailtk . 

[009 5] SiCSSl l*W«*»=J:r>t» 
S-TS^k-C. GaNK15«HBmktTlBv^i 
kt»T#6. 

[0096] »2««Wra4. GaNK^xtf^df^ 
^/^fitc^W Y?4 YVPEfe&m^X&l&Ltitf* 

m^mit-^sm&m (mocvd) £fflv%-cti^ 
attftfepft&fc.*. ^^^lis^i. sics«i 

1 ^fflVV^^ S i mWL. ZnOm A 1 2 Os * 
l^g. LiGaOj MgAl2 0 4 Xfit^ 

l±tKW^GaNM12^*^* 1 t*^t^4 J . S 

[0097] i^VX? 1 4 k LT S i O2 £JBVXfc 
*>*C:tlfclS'on5t>c0t:'{i^<, SiNi ^)^(* 
RCfc iV^. iWHifct«-C{i"7X^ 1 4CO<0S- 1 Ovm 

k l^* 5 . vx^ ^a^atf i k <7)T$ mrbtuzm 
m:Wk&'&t>ixh. «fefcxh9-frfc<i-ioo 

>*l*lfc»Jft tfctf. 7 r -b >y b MRftSWitf. -ii 

kStt^l^< 1-12 0 >Tt> J; < . ifc.&oxfrl&lA* 
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[0098] ££34>t»Rl \hmtLXA\W6L 

o . i oa i g a n zmwztiK z.<mmi&M<oi>co 

^S^/WjfcgtOCVC^fc**. I nGaNBL Al 
GaNjg. InNK.GaPli,5^iGaAsIJl 
V?*is*)Vfo%LX%>m&mtf%t>1XZ>. ttcfc 1 
Ett I 1 1 -v^^ltftt®<?)WtoLXi>mW& 

[oo9 9] (mamm) *%mn^<vmm^ 
o^-c. H2Mhhi/cwjw*. 

[0 10 0] ^3OHffi0lT{i. W&Lk. LX. (11 
DBOMgAlj O* WsL2 1 £J8vv/£. £<0ii« 
21*ffi{CSi0 2 Jg23£»j£U 7*M;V^9 

2 2{z*mi,ti. tiLsmm 2. 2 3i±, 

xh7>fr^ifii(i<i 1 -2 oolite Lfc ( (0 

2(a)). 

[0101] GaN^^lt VX? 2 3±t=^feS 
C0GaN*Jft*^«ffi|-rSOtaLfc^>f HVP 
Egjfcfflufc. ^co¥ffit'«. I I ISMC^'J^A 
(Ga) £J&fbkS (HC l ) 0)W&kmiX't>&&ik 

(Gac i ) t. vwmmizTy^-T (NH 
3 ) tfxtm^z. 

[010 2] S«2l£jfcggSfc-bybU * 

x#x£ttiftL&«s& i o o oicss^ia-c^aL 

5 0 0r£&S£tf. HClglft^O. 5cc/ 
4S#Tft&U NHs S8»10 0 0cc/ft#t5# 
SSttf&-r-6 i k ttfttt£Iitt2 3 2 0 n mCO 
Hfftf)GaNAW7r«24£JBj£-rS (02 

(b) ) . 

[010 3] Z<0W&T. NHa tfXfcffittUfrFfe 1 

oooTctc#fi-rs. isfiaiJBFaaeL-c*^ hc i 

iS1^20cc/»*tfl8SU NH 3 SIM1500 
cc/l5#T5#g£{£&-f JfcKfg«2 2<7> 
GaNAy7r-S24±tGaNtO < 1-1 0 1 } ffi 
H^7r-fe7 Mttt2 5 SlUtS-frfe (02 

(c) ) . 

[0 1 04] Sfcfc* xtr^S^/Hfcg^t. 
?2 3&S3£-CGaNK2 5<07?-fe7 MgatfcfSSt 

tt. gISWtti. 5eBW«£"C2 0 0jumeBW>¥ffl 
4«fi**f"ftG aNK2 5 (02 

(d) ) . GaN§|2 5<0M£. NH 3 #X£{£& 

[010 5] m3c^f0ll:J:oT^$Wt:GaNm 
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2 5fcli. MgAh 04 M^lfcOlfrFJSR 1 ** 

fcli. £Pg##S£iK:< . 10 6 cm' SJKTfco 

[0106] *SUS0|T*j£* t^G a Nftl2XK*9H* 

{;^<. i«±fcP— FET. i>±t/HBT&i: 

mi2\*W£mzx-'>xmk-$hc\'tx'. genk 

[0107] 3S3<OHiS0rro. GaNlWlW^i/ 

fflS^S-fh-irflJ^ffl^ffi (MOCVD) fcJBWtfcH 

S£2 1 SJBlvteP. SiS«. ZnOSSu SiC 
LiGaOi Al 2 03 Xfi«»fflV>T 

fcFWBdWfcWIWl*. SfcfcMgAli 04 2 1 
iKtStX^iMW- *«2 l±£GaN|g£ 

[0108] 4rtr?X?14i:LTSi02 fcfflivb 

3&^fL{CK^tL^t>OT{i^<. S iN. ^<^S«c 
$^>(C7X^240S^ lOjumkLfc 
-?x? £ffl#>&tf .r ktfre^ &QBT&*Uf HSS^ 

mmt>ixh. *£*wra, xh7-rr£<i 1-2 

ixfcSEoxmSK 1-10 0 >Tt> J: < . £ii&<7Xfr|6l 

[0109] 4fc«awr«4aMUifeflfii;<y 7ri 

PUS: i 0^ar<"t*i k*«irtgfc*S. 
[01 10] Hflf0rC(i. GaN«x^*S/ 

+/M«*fc:-3V^T5fi r «S3& l » I nGaNl, A 1 GaN 
I nNE GaPi, GaAsltXU^*^ 

) 

[01111 dg40HSSM) *%BB^4O^ife0<^ 

[01 1 2 ] *l|ift0«TJi. fflRisLT (0 001 )ffi 
COAlz Os SK4 lJbfcljumggtf)$ff<0GaN 
M4 2 ^fc Ift&fS. L£i&&a«£JBV^:. 

[0 1 13] ^<0GaNK4 2^ffitSiO 2 R£® 

0 ?A^4 3 kfig««Sc4 4 t^fil Lfc. &&mm 4 
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it. 4nm<7)W&<7>AVi (03 (a) ) % -ia#3/zm 

<o^nm.(M3 (b> ) , nm^ffmm 

(03 (c) ) <7)3^t%Z>-?X7£Ztl : ?tlf9^ 

[0114] MU«4 4 Kj&g-r&G a Nffil 
4 5{±. I I iWBfttZhV (TMG 
a) JfctfMMfVl'Trt'S— «7A (TMA 1 ) kVj&g 
fljCTVt-T ( NH 3 ) ^X^fflV^fllS^S^ 

[0115] H4tJH3<9fiyi«$£0J£LfcS«-tK 
SBBft^fetJBv^T I I I -vfiHt&ltrt^tMSfcJBlS 
-rSXS^fRB&HT&S. X«4 1 JrWIS^JSfli^Hsa 
fflj&g§§E£-fe »M. *SMfXfc N H 3 

U5n&*£> 105 o , cofltSiaKt#sW"S. jfcftsas** 

££LT#^ s h 'J ttfrti U »7Ag£M2r 5 c c 
Tfl&fcU NHs S£g5 000cc/*5#-C10#JS 
IteBfrtiikT. JfifiW«44fcGaNR4 50) < 1 
-101} Hi>&&&7T-fe yMSBi£JfcJ*£-£fc (0 
4(a)). 

[0116] 3 0*BeaExK^#S<"Y**fi 

hffijS£f£i?-£fc (04 (b) ) . 
[01 l 7] xe^S/t/HttaBtilttJ: 96 

a.m45<r)yT*vhffimzmm& (04 

(c) K «8*Wfc:fcL 12«IS0»iUfreiOOjtimH 
S^a^ffl^^rtS G a NH4 5 £XMt£-&fc ( H 
4(d)). 

[Oil 8 ] 3«*>#tt»J*«»«attftbfcG aN 

*, =«WiL t>itfl©B«e)3*ffigi: Lfctf. 

[oii9] *mMm&&LizG&NMiHR&#x 
[0120] ?<itt7r'fri«4i£iiftJ:^ 

[0121] »4««aiWCt4» GaNROxK***' 
f/HSI(yvf H9-f HVPEtttfflV^TJttRtfc* 1 * 
m^Jg-fb-^^ffl^fiS (MOCVD) S-JHWCkP 
ifcAli Oa S«4 1^fflV^ 
Si»R. ZnOSS. SiCSK. LiGaO 
2 SfcMgAlt 04 *S»*flfcvtt>Pl»&» 

. 3 felcA 1 x Oa £S4 1 ±&RJ&> 
GaNR4 2S-S>^t4^l£L^* s . fflK4 1Jbfcfi 
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[0122] 4fc"?X$>4 3i:LTSiOi £Jfll<vfc 

[0123] iTtGaNOxe^S'-WMfcgt'-^T 
ftrVttf. InGaNi, AlGaNi. I nNl, G 
a P&& S V ^(iG a A s K£xtT:?* ^ Y JMftft t> 

Haaswfcwwt*. *6i=iawf4i i i-vuhu 
[0124] (*5<^^aifW) *JH^5«aaw!fc 

10 OWt\ 05£#HBLTftt&t£. 

[0125]S1£5 1fc{±. ljum<0|gff^GaN)S5 
2#Jgjft£*Ut (000 1) ffl^1f7r-frSS51^ 

[0 126] ^<0*«5 1*fflfcSiO2 K^Jft 

1 WX? 5 3 £311 f3j£ftM#5 4 £#J8 Lfc. 8i 1 
«0j£ft®$54. iSiVm 5 3«. 
2jt*nw Uit^5jumOXh7-fr«i:Lfc. Xh7>f 
Tfimi. <1 l-20>kLfc (H5 (a) ) . 
20 [0 127] m<0Jfcft«J£54Cj£*r5S51<9Ga 

nm5 5i±. ±e«w*wi tmrniz 1 1 1 hrhc# 

U»7A (Ga) kJSfl^k* (HC 1 ) ORJEtlfcHrC* 

&sfbpy*?A (Gac i ) tvwmtozry^-T 

(NH 3 )#X*flft>*>vf K?4FVPEi£*JBl.» 
S#H»Tj£ft3K10 0 0X:tlfft-rS. 6 50W) 

ad&*6£K 5 1 £NH3 if^ms^ictt . jfcsa 
wfiggLXfrb. h c i ctM£ ioc c 

U NH 3 0SLM4 0 0 0 c c/m%X'6 0#l3Oi£& 
30 »l*8aM*raBMltfcHia> (a) A»^> (e) «0 

f&mmzmx. m 1 w^x^ 5 3 s-swi/,*^ 1 <o 

GaNK5 5^»j£^S <H5 (b) ) . JSlOGaN 

[0128]<Xt:. GaNR5 5±fcSVSiOi R 

^TS. ^-etiCO^b^^TlBa, 2//m. fc«J;V5 
/zm-CfcO. Xh7-fT*l»I{±<l l-20>kW: 
(05 (c) ) . £3>£K51J:C. ^l^ffi 
40 MTiiBH LfzM lO(a) fyt> ( e ) tf)jicglg£g 
m2cr)^X^5 7^a*>a^. i>±-ei 5 0jumCO 
Sg2<OGaNS58 *|jai$*¥ffl'ft L^H5:#fc 
(05 (d) ) . 

[0129] j£SUttS2<0Ga NIK5 8tf)£R5?r»M 
jKflt^BfflWtSI^fclSJR. *CPB*U0 5 cm 2 H 
TtWsbX'J?*£^i><7)X'$>iiz. 2S©<0S 

[0130]IB5<^ISP|-Cli. GaNKcOXt^^^ 
50 ^iMfififc^W H9>f b'VPEffi^fflV^T^LJt* 5 . 
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m&mfctMmm& (mocvd) *jbwci>h 
ttftMft^^ti. ttzA 1 2 o 3 1 s-fflv^ 

SiSS. ZnOfiR. SiCSfiL LiGaO 

2 3£$l m gA 1 2 o 4 wmzm^xi>mw&%> 
mm***.*. § s>£A 1 2 o 3 a«5 1 ±cg a n 

Jg5 2£jfcKUd££^x?£^J£Lfc*\ ^ixt^^> 
1\ K«±KGaN|g5 2£j&^ii\ WB8n*r?* 
?5 3£j££l/Ci.tV\ 

[01 31] 4fcvx^5 3kLTSiOi fcffl^fc 

?^i^;M&gteoVvt^fc& J . I nGaNSL Al 
GaNl, InNH. GaP&J>SU±GaAsK£x 

fm?z> 1 1 1 -viifc-dfttsRSft^aaBU'r tat 

[0132] *^Bg^&HM|^T{iGaNmo III- 

mamtch 1 1 1 -vKft-^tii¥^*w«*taffl 1i r 

[013 3] <»6*8Hlffl>*WB^6«>WWM= 

out. 0 6 &1£fflLXWPft~?& . 06{i*IHHOXt 
^>-^;Uj£fi£GaNjg<75j£*fcfflV^ $£>fc.rtf)G 
a NR_fcfcG a N#mWM'— * £SS®-r &JM*mm 

[0 134]B6fc*MHK6 1Cli» ljumWKfftf) 
G aNM6 2iM^tdz ( 0 0 0 1 ) WT7 T A T 
*K6 1fcJBVvfc. ^OfflR61«lffifc:Si02 

, k ^ x * h X >y & >7Vm 1 *> V X 9 6 3 k JB 1 
<Z)j£««i«i6 4C#SSLfc. 81?))&«fW£64. i>i 
tfmtf>VX7 6 3li. «l**l5iuiiu i3«J;tf2/xm 

oxh^rtttu;. xb^rfrfiii. <i 1-2 

0>tf«*»fcl01«W?T»lfttfc (06 (a) ) . 
[ 0 1 3 5 ] 1 «l£|BBtS6 4 (Cftft-fSf* 1 «G a 

Njg6 5{±. uaoniSffu tnmzi i israw 

(Ga) tm&m (HC 1 ) «>KI&±J»irC& 

&ttfctfy*}A (Gac i ) kvuiscHfcr^-r 

(NHs )^IV^Mh'7-fHVPE»> 

^Hm-cj£ftiagiooox:t:#s-rs. 6 5 0x:<t> 
ias*^s«5i^NH3^x#HMt-rs. iK^ue 
Hcijg»£40cc /mftx-m& 

U NHs S»l 00 0 c c/Wh tikVl/vV 
(SiH4 )iSfi0. 01cc/»»tl5 0^« 
Jfifff, ^l<0lllSI?rCliHBLfcHlO (a) 

( e ) 0)ism.mm. m 1 6 3 



£R£ 2 0 0/xm^l<?DGaNJ16 5Sr^-tS (0 
5 (b) ) . ^l<0GaNH6 5 5:^a. NHs # 

aNjg6 5li. nST\ 1 X 1 0 18 cm- 3 JJLbZ>3f^'J 

[ 0 1 3 6 ] att. G a Nj^*l'-1fl»®«>«*K: 
tt. «4*Mfc*««**ifc (MOVPE) tiH^rff 
«tfc. GaNR6 5«R*SL MOCVDWK:** 

*s#B^j£fiia£i o 5 oicwraw-* . 6 
10 sox^ajfib'^NHs xxmm&z-fh. si^s 

Jnt3tljwm^§c?5nSGaNl6 6. S i fcSSHllL 
fcO. 4jumOg§fiOnaAlo. lsGao.ssN^^vh 
J16 7. SifeSfelLfcO. ljtfmO?$«nIGaN 
3fc#4FJi6 8. 2. 5nm<7)Jf§^T>K-n n 
o. 2 G ao. s NS.?#Wmt 5 nm^Wy F-7 1 
no.i«Gai.96N(BB»»fe44 1 0WB*>M*F# 
FflKaSHtB6 9. 7/*>">A (Mg) 5rminiLfc2 
0nmCDfl££tf>pSA 1 o. 2Gao.aNJl7 0 . Mg£^ 
JntfcO. ljum^»3WpSGaN3fe<f>f FS71. 
20 Mg^^niUfcO. 4jum<7)W$<7)paAlo.i5Ga 
o.85N^5yb**72. Mg^^lmLJtO. 5jum<0W 
3tf) P SGaN3y?7 Hf7 3&JRHB&L1'*- if- 
ffiJtJrf^Lfc. pSOGaN3y*?WI7 3fcjRft 
HNs ^X#H«-C^a*-C^»b. JKft 
tgBlOSXOffl-r (H6 (c) ) . 2. 5nm<OWScO 
7yp-ri no.2Gao.8NM^#F«k5nm«Off$ 
^r^H— 7" I no.oBGao.sbN^aaifi^^S^SM 
^#F«3iStt« 6 9 li. 7 8 O-CtfOajrC^Lfe. 
[0137] mz. U-1r-mm*B& Liz^y rJT 
30 ffiK6l£flFgfSfc-fc»/hU t7r-f^«61. G 
aNi62> Si0 2 VX^6 3. *>«tl^GaNK6 
5<7>5 0^m^LTGaN|S6 5S-^a}S*S. SJiJ 
UfcGaNJi6 51BlCl4» +9V (Ti ) -T/PS (A 
1 ) OnfflWS74fcJB«U pSWGaN®73±t 
Ji- /^ (Ni ) -A (Au) OpSmffi7 5£»ac 
-TS (06 (d) ) . 
[0138] 0 6 KJk-T P-lFtgjaTi±. S®tnS« 

[0 139] 4fc. ^T^fTkGaNJMMWItktttS 

[0140] £*ifcS U «fe0<-Cttl£^«ifi*^^ 
V^GaN«6 5i&ff<J«fi-r&-i:A^I»^ ^ 
r4 TS«^X^«^l^iLTt>GaN 6 5±t^ 
)£ U:G a N^¥#*cOl^-1f 18jSttti^t± : 5:< . 4 
50 ^GaNfl6 5±<OP-1f18jili A -#^«fc')^yB^5 



(13) 
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[ 0 1 4 1 ] *SSitWtti, GaNl6 5±fcU— 9"- 
*gjtJ&£Lt>£>. t7H7«R5 1. GaNK6 
2. Si 0 2 -?X?6 3£»fmU^ V— f-ffim* 
tfmtZm£y7T4TmL61. GaN|S6 2. Si 

1, GaNi62, Si0 2 ~?X? 6 3<0W®. ^± 
#GaNR6 5«>--»fc8WLT, nS«M*»*t 

aNJf6 6*fctt6 5reBk£LnSmffi£JE&£U ft 
[0143] 

[&BB<03»£] JSUJKBLfcidfc. I I 

I - VBHfc£tt^fl^J^*i^ *»iJft£8»"T*. 

fc?* &&t& I I I -VKft;^fe4^*S 

[HI ] #f&!PJtf) I I I - vmifc&^Mft0Mf83]& 30 

[02] AlGaNjgtfJKSSftfcMgAU 0 4 S 
«itA>fK7^b'VPE^IW. GaNK*«R 

[03 1 WW^K** WJW^ilftftSWfc* 

[04 ] H3*tfl#R. HftJ&K. &tf®gtfc9l££S 
#£^Lfc««LLl35iffiJ£ll££ffl^T I I I - Vfc 

[05 ] #S8<PI<7)j£J|;tr&£ 2|51^0jiLT^LfcG 
aNK<O«B&0T;&S. 



^gg^l 0-3 12971 
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[06 ] *%BBO^^rffi^fflV^«t^GaN|g± 
{CG a N3M!»*W— !f-«Btt tTM^Wm 

11 

1 2 SISfcy&fcSiT-*: I I I -VBHbf^^ftK 
13 III -VJHfc6WI^***3****^ 

14 

16 III -VfEft^WHtfl«07r-fey M«ft 

2 1 (OOODBWr^TlS 
22 GaNl 

2 3 7X7 

2 5 xe**5/*rt*KLfcGaNR 

3 1 (llDft^MgAh 04 

3 2 ljtim^GaNK. 4fc«AlGaNK 

3 2 aH^t«ws*i*afi*w« 

3 3 £KJi(3tt&b£Si02 Wr?*9 

3 5 A>f F7-< FVPESt^ILtGaNi 

4 3 7X7 
44 J&KtS« 

5 1 (OOODH^^T-frSS 
5 3 SSIOVX? 

54 mattRBM 

55 3lltf>GaNJI 
5 6 3S2^j£jyS« 

5 7 S52£reX? 
58 352<7)GaNJf 

6 5 nSGaNi 
6 6 nlGaNl 

6 7 nIAlo.i5Gao.85N?77M 

6 8 nl!GaN%*MFJI 

6 9 io mmn&m&?m*ffim$&m 

70 pSAlo.2Gao.8Nfl 

7 1 pSGaN3fe&MKJl 

7 2 pIA lo.i5Gao.85N?5^ Mi 

73 pMGaNny^^bii 

74 Ti-Al<7)nSS6 
7 5 Ni-Au(7)plfi 
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